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1. INTRODUCTION {#cam43181-sec-0005}
===============

Prostate cancer (PCa) is the most common cancer and one of the leading causes of cancer death in men in Western countries.[^1^](#cam43181-bib-0001){ref-type="ref"} Long‐term survival following PCa diagnosis is good; age‐standardized 5‐year survival is in the range 70%‐100% in most countries.[^2^](#cam43181-bib-0002){ref-type="ref"} PCa is the main global contributor to years lived with cancer disability[^3^](#cam43181-bib-0003){ref-type="ref"} and men with clinically detected PCa have shown to experience treatment‐related adverse effects at 5 years,[^4^](#cam43181-bib-0004){ref-type="ref"} and even up to 10‐15 years after diagnosis.[^5^](#cam43181-bib-0005){ref-type="ref"}, [^6^](#cam43181-bib-0006){ref-type="ref"}

European Randomized Study of Screening for Prostate Cancer (ERSPC) has shown reduced incidence of advanced disease,[^7^](#cam43181-bib-0007){ref-type="ref"} and a 20% relative reduction in PCa mortality over 16‐year follow‐up.^8^ Hence screening for PCa could potentially offer major benefits, and improve quality of life in men with screen‐detected PCa. However, frequent overdiagnosis and treatment of cancers that would not go on to cause symptoms or death may offset any such benefits.^9^ Evaluation of the long‐term health‐related quality of life (HRQOL) effects of screening is important for the overall evaluation regarding PCa screening.[^10^](#cam43181-bib-0010){ref-type="ref"}, [^11^](#cam43181-bib-0011){ref-type="ref"}

Few studies have reported long‐term quality of life outcomes in PCa screening trials and even those studies have been limited by their cross‐sectional design and absence of pretreatment baseline functioning HRQOL assessment. A previous analysis in the Finnish Randomized Study of Screening for Prostate Cancer (FinRSPC) using data from the year 2011 with median 6.7 years (control arm) and 8 years (screening arm) of follow‐up suggested slightly higher generic HRQOL scores in the screening arm for men diagnosed with PCa (as measured by 15D, EQ‐5D and SF‐6D; statistically significant only for EQ‐5D), than for such men in the control arm. No differences were found between the arms for men in the trial subsample free of PCa.[^12^](#cam43181-bib-0012){ref-type="ref"} The current study differs from the earlier publication in that the data for this study was collected at regular intervals after diagnosis which permits more robust interpretation of the results, whereas the previously published study was not conducted at set points after diagnosis, but at fixed points after the start of the trial. In addition, our current study has data for both generic (RAND‐36) and disease‐specific (UCLA‐PCI) HRQOL. In the US Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial no clear difference was found between trial arms in disease‐specific quality of life scores among PCa survivors, suggesting that screening detection does not affect urinary, sexual, and bowel functioning at 5 to 10 years after diagnosis.^13^

Majority of patients diagnosed in the PCa screening will live at least 10‐15 years after diagnosis, however, research evidence on long‐term HRQOL effects of PCa‐screening is still scarce. This study aims to broaden the knowledge of the overall impact of prostate‐specific antigen (PSA)‐based PCa screening at population level by comparing both generic (RAND‐36) and disease‐specific (UCLA‐PCI) HRQOL among PCa patients in the screening arm and control arm in a randomized trial with 15‐year follow‐up.

2. MATERIAL AND METHODS {#cam43181-sec-0006}
=======================

The study is based on the population‐based Finnish Randomized Study of Screening for Prostate Cancer (FinRSPC), which is the largest component of the multicenter ERSPC trial. The Finnish trial recruited 80 458 men during 1996‐1999 at two screening centers, Helsinki and Tampere. Annually, 8000 men aged 55, 59, 63, or 67 years were randomized to the screening arm (N = 32 000), and the remaining men (N = 48 458) formed the control arm. Men in the screening arm were screened at 4‐year intervals until 2007. Trial protocol have been described previously in detail.[^14^](#cam43181-bib-0014){ref-type="ref"} In the present study, men with PCa in the screening arm and control arm were compared on an intention‐to‐treat basis, ie regardless of screening compliance, to focus on population level effect of screening.

A total of 5218 incident PCa cases in both arms were identified from the Finnish Cancer Registry during 1996‐2006. HRQOL questionnaires were delivered at the time of diagnosis (baseline), prior to primary treatment, at 3 months, 12 months, 5, 10, and 15 years after the PCa diagnosis (Figure [1](#cam43181-fig-0001){ref-type="fig"}).

![Study population and data collection for the HRQOL data in the Finnish Randomized Study of Screening for Prostate Cancer (FinRSPC)](CAM4-9-5643-g001){#cam43181-fig-0001}

HRQOL was evaluated using both generic and disease‐specific domains. UCLA Prostate Cancer Index (UCLA‐PCI) has demonstrated validity as a disease‐specific HRQOL measure in men with PCa.[^15^](#cam43181-bib-0015){ref-type="ref"} It consists of six scales; Urinary Function, Sexual Function, Bowel Function, and a Bother assessment for Urinary, Bowel and Sexual domains.

The RAND 36‐Item Health Survey (also known SF‐36) is a validated and widely used generic health instrument.[^16^](#cam43181-bib-0016){ref-type="ref"} It consists of eight scales: Physical Functioning, Role‐Physical, Role‐Emotional, Bodily Pain, General Health, Vitality, Social Functioning, and Mental Health.

The RAND‐36 and UCLA‐PCI scales both range from 0 to 100 after re‐scoring, with a score of 100 representing optimal health, normal functioning, or no bother. Differences in the UCLA‐PCI[^17^](#cam43181-bib-0017){ref-type="ref"} and RAND scales[^18^](#cam43181-bib-0018){ref-type="ref"} of 10 points are suggested by their authors to be clinically meaningful for 0 to 100 scales.

Background variables included age at diagnosis, screening center (Helsinki vs Tampere), comorbidity,[^19^](#cam43181-bib-0019){ref-type="ref"} PCa tumor risk group, primary treatment group, and national registry data for educational level, socioeconomic, and marital status. The European Association of Urology PCa tumor risk group classification[^20^](#cam43181-bib-0020){ref-type="ref"} was used based on PSA, Gleason scores and TNM stage.

2.1. Statistical analyses {#cam43181-sec-0007}
-------------------------

Background variables were compared between the trial arms using χ^2^ tests. In the main analyses, we analyzed changes over time in HRQOL scores in the two arms using a linear random effects model with population‐averaged estimator with exchangeable correlation structure, which can take into account the statistical dependence among observations in repeated measures. Missing values were not imputed, as less than 5% of the cases were missing and considered minor. We applied the inverse probability weighting method to reduce biases due to imperfections in the sample related to noncoverage and unit nonresponse. It involves weighting each participant\'s contribution to the estimation according to how likely they were, compared to the target population (ie diagnosed PCa cases), to be complete records based on poststratification for arm, age, screening center, comorbidity, educational level, prostate cancer risk group, and the interaction term for the year of diagnosis and arm. All analyses were adjusted for the assigned sampling weights.

All models included screening center, sampling weights, main effects of trial arm, and follow‐up time, and their interaction term in order to assess whether the effect of screening varied over time, and interaction term for age and time. Variables were treated as time‐invariant based on the measure at the time of diagnosis. To avoid overadjustment, ie adjustment for causal intermediates of the intervention examined, the models did not include tumor risk group or treatment, which are likely affected by screening, as this would be expected to bias the results toward the null. To facilitate interpretation, we presented the main results using predictive margins and their 95% confidence intervals (CI) (Figures [2](#cam43181-fig-0002){ref-type="fig"}, [3](#cam43181-fig-0003){ref-type="fig"}, [4](#cam43181-fig-0004){ref-type="fig"}, [5](#cam43181-fig-0005){ref-type="fig"}, [6](#cam43181-fig-0006){ref-type="fig"}, [7](#cam43181-fig-0007){ref-type="fig"}) and tested statistical difference with marginal effects *P* values. Predictive margins are statistical measures computed from predictions given by a regression model; individual predictive values are used to calculate the mean predictive values, ie predictive margins, while adjusting for the values of the covariates.[^21^](#cam43181-bib-0021){ref-type="ref"}

![Model‐based mean scores (95% CIs) in Urinary Function by arm of the FinRSPC](CAM4-9-5643-g002){#cam43181-fig-0002}

![Model‐based mean scores (95% CIs) in Urinary Bother by arm of the FinRSPC](CAM4-9-5643-g003){#cam43181-fig-0003}

![Model‐based mean scores (95% CIs) in Bowel Function by arm of the FinRSPC](CAM4-9-5643-g004){#cam43181-fig-0004}

![Model‐based mean scores (95% CIs) in Bowel Bother by arm of the FinRSPC](CAM4-9-5643-g005){#cam43181-fig-0005}

![Model‐based mean scores (95% CIs) in Sexual Function by arm of the FinRSPC](CAM4-9-5643-g006){#cam43181-fig-0006}

![Model‐based mean scores (95% CIs) in Sexual Bother by arm of the FinRSPC](CAM4-9-5643-g007){#cam43181-fig-0007}

We conducted sensitivity analyses with generalized estimating equations models with robust standard errors, unstructured correlations, and maximum likelihood estimations as alternative approaches for analyzing the data. Sensitivity analyses resulted to equivalent results to the models we used. We also conducted per protocol sensitivity analyses comparing screen‐detected cancers to other detection methods. In these analyses results were not converted, although in some disease‐specific HRQOL variables differences were more pronounced, compared to the original analyses. All *P* values were two‐sided and a significance level of 0.05 was applied in statistical tests. We carried out all the statistical analyses using Stata 14.0.[^22^](#cam43181-bib-0022){ref-type="ref"}

3. RESULTS {#cam43181-sec-0008}
==========

During 1996‐2006, 5128 new PCa cases were diagnosed in the study population (Figure [1](#cam43181-fig-0001){ref-type="fig"}). Data collection failed for the year 2002 for both centers (response proportion 2,5%), and after 2002 in the Tampere center. These data were excluded, and 624 eligible cases remained in the screening arm (response proportion 33%) and 411 in the control arm (response proportion 22%) with an overall response proportion of 27%. The mean follow‐up time was 8.3 years, with a median of 10 years.

Compared to the screening arm, respondents in the control arm were significantly older, had lower proportion of low‐risk group cancers (*P \< .01*), and were more commonly from Helsinki screening center (*P \< .001*) (Table [1](#cam43181-tbl-0001){ref-type="table"}). There were no differences between the arms in any other sociodemographic variables or comorbidity. Surgery and active surveillance were more frequent primary treatments in the screening arm, while radiotherapy and hormonal therapy were more common in the control arm (*P \< .001*).

###### 

Descriptive characteristics of the men with prostate cancer at baseline (N = 1035) within the Finnish Randomized Study of Screening for Prostate Cancer (FinRSPC)

+------------------------------------+---------------+-------------+-----------+------------+
| Variable                           | Screening arm | Control arm | *P* value | Total      |
|                                    |               |             |           |            |
|                                    | N %           | N %         |           | N %        |
|                                    |               |             |           |            |
|                                    | 624 (60)      | 411 (40)    |           | 1035 (100) |
+====================================+===============+=============+===========+============+
| Age group at the time of diagnosis |               |             | \<.001    |            |
+------------------------------------+---------------+-------------+-----------+------------+
| 54--59 years                       | 102 (16)      | 33 (8)      |           | 135 (13)   |
+------------------------------------+---------------+-------------+-----------+------------+
| 60--64 years                       | 217 (35)      | 112 (27)    |           | 329 (32)   |
+------------------------------------+---------------+-------------+-----------+------------+
| 65--69 years                       | 215 (34)      | 169 (41)    |           | 384 (37)   |
+------------------------------------+---------------+-------------+-----------+------------+
| 70+ years                          | 90 (14)       | 97 (23)     |           | 187 (18)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Marital status                     |               |             | .17       |            |
+------------------------------------+---------------+-------------+-----------+------------+
| Married                            | 486 (78)      | 319 (78)    |           | 805 (78)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Not married                        | 31 (5)        | 31 (7)      |           | 62 (6)     |
+------------------------------------+---------------+-------------+-----------+------------+
| Not known                          | 107 (17)      | 61 (15)     |           | 168 (16)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Educational level                  |               |             | .73       |            |
+------------------------------------+---------------+-------------+-----------+------------+
| Highest                            | 241 (39)      | 163 (40)    |           | 404 (39)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Intermediate                       | 131 (21)      | 78 (19)     |           | 209 (20)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Lowest                             | 252 (40)      | 170 (41)    |           | 422 (41)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Socioeconomic status               |               |             | .17       |            |
+------------------------------------+---------------+-------------+-----------+------------+
| Upper‐level employee               | 48 (8)        | 23 (6)      |           | 71 (7)     |
+------------------------------------+---------------+-------------+-----------+------------+
| Higher‐level employee              | 40 (6)        | 17 (4)      |           | 57 (6)     |
+------------------------------------+---------------+-------------+-----------+------------+
| Self‐employed person               | 21 (3)        | 15 (4)      |           | 36 (3)     |
+------------------------------------+---------------+-------------+-----------+------------+
| Manual worker                      | 39 (6)        | 25 (6)      |           | 64 (6)     |
+------------------------------------+---------------+-------------+-----------+------------+
| Pensioners                         | 438 (70)      | 316 (77)    |           | 754 (73)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Unemployed                         | 29 (5)        | 13 (3)      |           | 42 (4)     |
+------------------------------------+---------------+-------------+-----------+------------+
| Not known                          | 9 (1)         | 2 (0.5)     |           | 11 (1)     |
+------------------------------------+---------------+-------------+-----------+------------+
| Comorbidity                        |               |             | .311      |            |
+------------------------------------+---------------+-------------+-----------+------------+
| 0 Conditions                       | 528 (85)      | 338 (82)    |           | 866 (84)   |
+------------------------------------+---------------+-------------+-----------+------------+
| ≥1 Conditions                      | 96 (15)       | 73 (18)     |           | 169 (16)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Screening center                   |               |             |           |            |
+------------------------------------+---------------+-------------+-----------+------------+
| Helsinki                           | 450 (72)      | 328 (80)    | .005      | 778 (75)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Tampere                            | 174 (28)      | 83 (20)     |           | 257 (25)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Tumor risk group                   |               |             |           |            |
+------------------------------------+---------------+-------------+-----------+------------+
| Lowest                             | 303 (49)      | 107 (26)    | \<.001    | 422 (41)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Intermediate                       | 174 (28)      | 157 (38)    |           | 331 (32)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Highest                            | 143 (23)      | 138 (34)    |           | 281 (27)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Not known                          | 4 (0.5)       | 9 (2)       |           | 1 (‐)      |
+------------------------------------+---------------+-------------+-----------+------------+
| Primary treatment                  |               |             |           |            |
+------------------------------------+---------------+-------------+-----------+------------+
| Surgery                            | 245 (39)      | 118 (29)    | \<.001    | 363 (35)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Radiotherapy                       | 194 (31)      | 188 (46)    |           | 382 (37)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Hormonal therapy                   | 51 (8)        | 62 (15)     |           | 113 (11)   |
+------------------------------------+---------------+-------------+-----------+------------+
| Active surveilance                 | 133 (21)      | 43 (10)     |           | 176 (17)   |
+------------------------------------+---------------+-------------+-----------+------------+
| No treatment                       | 1(‐)          | ‐           |           | 1 (0.1)    |
+------------------------------------+---------------+-------------+-----------+------------+

John Wiley & Sons, Ltd

In the nonresponse analyses (data not shown), nonparticipation was more likely in the higher risk group cancer patients and patients with hormonal therapy treatment in both arms, and among upper‐level employees in the control arm. None of other socioeconomic status dimensions, marital status or comorbidity were associated with nonresponse. Radical prostatectomy patients were over‐representative in the HRQOL sample compared to the total prostate cancer cohort in both arms, as well as the age‐group 60‐64 years in the screening arm, and the age‐group 65‐69 years and intermediate‐risk disease group in the control arm.

3.1. Prostate cancer‐specific quality of life {#cam43181-sec-0009}
---------------------------------------------

The model‐based mean values for each UCLA‐PCI scale present the changes in HRQOL scores over time in the two trial arms (Figures [2](#cam43181-fig-0002){ref-type="fig"}, [3](#cam43181-fig-0003){ref-type="fig"}, [4](#cam43181-fig-0004){ref-type="fig"}, [5](#cam43181-fig-0005){ref-type="fig"}, [6](#cam43181-fig-0006){ref-type="fig"}, [7](#cam43181-fig-0007){ref-type="fig"}). At baseline, the patients in the screening arm showed statistically significantly higher scores, ie less bother, than those in the control arm in Urinary Bother (79.2; 95% CI 77.1 to 81.3 vs 74.0; 95% CI 71.0 to 76.9; *P = .005*) (Figure [3](#cam43181-fig-0003){ref-type="fig"}). The Urinary and Sexual Function, and Sexual Bother scores were also nonsignificantly higher in the screening arm (Figures [2](#cam43181-fig-0002){ref-type="fig"}, [6](#cam43181-fig-0006){ref-type="fig"} and [7](#cam43181-fig-0007){ref-type="fig"}). The HRQOL scores in bowel domains did not differ by trial arm at baseline or in short‐term follow‐up.

Urinary Function, Sexual Function, and Sexual Bother scores declined steeply (more than 10 points) at 3 and 12 months after diagnosis in both arms. Urinary Function showed an improvement at 12 months. In short‐term follow‐up, the differences in all disease‐specific measures between the trial arms tended to decrease from the baseline.

At 5 to 15‐years, the men in the screening arm showed a tendency toward somewhat higher disease‐specific HRQOL scores in all domains compared with those in the control arm. The differences were statistically significant, however, only in Urinary Bother; at 10‐year follow‐up men in the screening arm reported higher scores, ie less bother (77.9; 95% CI 75.2 to 80.5), relative to the control arm (70.9; 95% CI 66.8 to 74.9; *P = .005*)(Figure [3](#cam43181-fig-0003){ref-type="fig"}). In Bowel Bother, higher scores emerged in the screening arm only at 5 to 15‐years postdiagnosis (Figure [5](#cam43181-fig-0005){ref-type="fig"}). However, the interaction term of trial arm and time was not statistically significant in any domain, indicating lack of systematic changes over time for the difference between the arms. In Bowel Function, there were no marked changes, or differences between arms at any time point (Figure [4](#cam43181-fig-0004){ref-type="fig"}).

Unadjusted HRQOL scores together with distribution of one item of each scale are presented by arm in the Table [A1](#cam43181-tbl-0003){ref-type="table"}.

Patients in the screening arm with low risk tumors reported significantly better Sexual Function at baseline and less Urinary Bother at 10‐year follow‐up compared to control arm (data not shown). However, no statistically significant interaction with trial arm was found overall. Sensitivity analyses with adjustment for both tumor risk group and primary treatment showed no clear reduction in the differences between the arms in HRQOL.

3.2. Generic health‐related quality of life {#cam43181-sec-0010}
-------------------------------------------

At baseline, the generic HRQOL scores did not differ significantly between the arms, although the mean scores for the screening arm were slightly (1‐3 points) higher on all domains (Table [2](#cam43181-tbl-0002){ref-type="table"}). In contrast, at 3 to 12‐month follow‐up, patients in the screening arm reported similar or nonsignificantly lower scores than the control arm. There was decline at the 3‐month postdiagnosis compared to the baseline especially in Role‐Emotional (by 6.9 points), and in Role‐Physical (by 7.4 points) functioning. At 5 to 15‐year follow‐up, the screening arm had similar or higher mean RAND‐36 scores than the control arm, though the differences were not significant in any of the generic quality of life dimensions. Furthermore, there was no significant interaction between trial arm and time on any domains of generic HRQOL.

###### 

Adjusted model‐based mean scores (95% CIs) in generic quality of life (RAND‐36) measures by trial arm in the Finnish Randomized Study of Screening for Prostate Cancer (FinRSPC)

<table><thead><tr class="header"><th>Screening arm</th><th>Control arm</th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th></tr></thead><tbody><tr class="odd"><td><p>Physical</p><p>Functioning</p></td><td>82 (80‐84)</td><td>80 (78‐82)</td><td>80 (78‐82)</td><td>76 (74‐79)</td><td>70 (67‐73)</td><td>61 (56‐65)</td><td>81 (79‐83)</td><td>82 (80‐85)</td><td>82 (79‐85)</td><td>76 (73‐79)</td><td>68 (65‐71)</td><td>59 (54‐63)</td></tr><tr class="even"><td>Role‐physical</td><td>73 (70‐76)</td><td>65 (60‐70)</td><td>67 (63‐72)</td><td>65 (61‐69)</td><td>55 (50‐60)</td><td>42 (33‐51)</td><td>72 (68‐76)</td><td>71 (66‐76)</td><td>76 (72‐81)</td><td>67 (62‐72)</td><td>57 (51‐62)</td><td>40 (29‐52)</td></tr><tr class="odd"><td>Role‐emotional</td><td>74 (70‐77)</td><td>67 (62‐71)</td><td>72 (68‐77)</td><td>71 (67‐75)</td><td>66 (61‐70)</td><td>58 (51‐66)</td><td>70 (66‐74)</td><td>72 (67‐77)</td><td>78 (73‐83)</td><td>73 (68‐78)</td><td>65 (60‐70)</td><td>57 (49‐65)</td></tr><tr class="even"><td>Bodily Pain</td><td>81 (79‐83)</td><td>82 (79‐84)</td><td>80 (77‐83)</td><td>79 (77‐82)</td><td>76 (73‐78)</td><td>69 (64‐73)</td><td>82 (79‐84)</td><td>82 (79‐85)</td><td>83 (80‐86)</td><td>80 (77‐82)</td><td>73 (69‐76)</td><td>71 (66‐76)</td></tr><tr class="odd"><td>General Health</td><td>58 (56‐59)</td><td>58 (56‐61)</td><td>57 (55‐59)</td><td>56 (54‐57)</td><td>53 (51‐55)</td><td>49 (46‐53)</td><td>57 (55‐59)</td><td>59 (57‐62)</td><td>59 (57‐62)</td><td>57 (54‐59)</td><td>50 (48‐53)</td><td>48 (44‐53)</td></tr><tr class="even"><td>Vitality</td><td>67 (66‐69)</td><td>67 (64‐70)</td><td>69 (67‐72)</td><td>67 (65‐69)</td><td>63 (61‐66)</td><td>57 (53‐62)</td><td>67 (65‐70)</td><td>68 (65‐71)</td><td>69 (66‐71)</td><td>65 (63‐68)</td><td>61 (58‐64)</td><td>57 (51‐62)</td></tr><tr class="odd"><td><p>Social</p><p>Functioning</p></td><td>83 (81‐85)</td><td>80 (77‐83)</td><td>84 (81‐86)</td><td>84 (82‐86)</td><td>80 (78‐83)</td><td>74 (70‐78)</td><td>82 (80‐85)</td><td>81 (78‐83)</td><td>84 (81‐87)</td><td>83 (80‐86)</td><td>79 (76‐82)</td><td>74 (69‐78)</td></tr><tr class="even"><td>Mental Health</td><td>76 (74‐77)</td><td>76 (74‐78)</td><td>78 (76‐80)</td><td>77 (75‐78)</td><td>76 (74‐78)</td><td>72 (68‐76)</td><td>74 (72‐76)</td><td>77 (74‐79)</td><td>77 (74‐79)</td><td>78 (76‐80)</td><td>75 (73‐78)</td><td>74 (69‐79)</td></tr></tbody></table>
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4. DISCUSSION {#cam43181-sec-0011}
=============

The long‐term HRQOL impacts of PCa screening have not been adequately evaluated. Our results revealed only minor differences in disease‐specific HRQOL at 5‐15 years, with generally slightly higher mean scores in the screening arm, though not of the magnitude that have been considered clinically meaningful (over 10 points). No substantial or consistent differences between the trial arms emerged in generic HRQOL.

Opportunistic screening, ie PSA screening outside a screening program, will dilute the effect of screening. We compared groups by the trial arm allocated by randomization (intention‐to‐screen analysis). PSA testing has been shown to be common in the control arm of the FinRSPC trial.[^23^](#cam43181-bib-0023){ref-type="ref"}At least one PSA test was performed for 18% of the men in the control arm by four years, and it reached 48% by eight years. The mortality reduction in Finnish trial alone has been small,[^24^](#cam43181-bib-0024){ref-type="ref"} likely reflecting both contamination and shorter screening period with fewer screening rounds than in the ERSPC Göteborg and ERSPC Rotterdam.[^25^](#cam43181-bib-0025){ref-type="ref"} PLCO trial showed no mortality reduction likely due to widespread contamination, and low biopsy compliance.[^10^](#cam43181-bib-0010){ref-type="ref"}, [^11^](#cam43181-bib-0011){ref-type="ref"} In centers with larger mortality effect, the impact of screening on quality of life may also be greater. HRQOL results in the PLCO trial indicated no substantial long‐term differences between arms in disease‐specific measures.[^13^](#cam43181-bib-0013){ref-type="ref"} Contamination has likely diluted differences between the arms, and this can be expected to also affect the current HRQOL results.

Overdiagnosis, detecting cases that would not have been diagnosed in the absence of screening, has been estimated to comprise 21%‐50% of all screen‐detected PCas.[^9^](#cam43181-bib-0009){ref-type="ref"}, [^10^](#cam43181-bib-0010){ref-type="ref"} Overdiagnosis, as well as lead‐time and length time bias affect the distribution of prognostic factors among screen‐detected cases. In the present study, low‐risk cancers (T1‐T2, Gleason \< 7, PSA \< 10) were more common in the screening arm compared to the control arm (45% vs 30%) and the distribution was even more pronounced among the quality of life‐survey respondents (49% vs 26%). However, adjustment for the tumor risk group did not substantially affect the results, suggesting that the influence of overdiagnosis on our findings is limited. Based on simulation model prediction, Heijnsdijk and colleagues[^26^](#cam43181-bib-0026){ref-type="ref"} concluded that overall benefit of PSA screening from averted deaths and advanced cancers was decreased by loss of quality‐adjusted life‐years (QALYs) caused by overdiagnosed cancers.

Recent reviews in PCa treatment have concluded that adverse sexual, urinary, and bowel effects occur more commonly in men with active treatments compared to conservative management (eg active surveillance, watchful waiting).[^4^](#cam43181-bib-0004){ref-type="ref"}, [^10^](#cam43181-bib-0010){ref-type="ref"} Fenton and colleagues also concluded, based mainly on studies among clinically detected patients with ≤5 years follow‐up, that despite difficulties in PCa‐specific domains of functioning, active treatments for PCa did not clearly compromise generic quality of life or physical, or mental health status compared with conservative management.[^10^](#cam43181-bib-0010){ref-type="ref"} Within the ERSPC trial, after accounting for disease and patient characteristics, trial arm had only a minor role in treatment choice compared to other variables.[^27^](#cam43181-bib-0027){ref-type="ref"} We conducted supplementary analyses with adjustment for treatment, which did not materially affect the HRQOL differences between the trial arms.

Our study had some limitations. Firstly, the overall response proportion did not exceed 22% of the eligible men, which suggest a possibility of selection bias and may challenge the generalizability of our findings. After exclusion of data due to failed procedures at data collection response proportion was 27%, and we used weighting to improve the representativeness of the study population. However, the lack of statistical power may have prevented us from observing differential time trends between the screening and control arms. In the Sexual Bother question, 'sexual function' was translated as 'sexual life'. Therefore, responses may be related to sexual function, but also other sexual problems.

The major strength of our study was the material collected within a randomized screening trial, which maximizes the comparability of the groups and can minimize confounding and selection bias. To our knowledge, this study is the first PSA screening trial evaluating HRQOL in a longitudinal prospective study design including baseline assessment, with an exceptionally long follow‐up including both PCa‐specific and generic HRQOL measures. Baseline measurement is necessary in longitudinal studies to evaluate changes in HRQOL over time, and to distinguish impairments from those present already at baseline. Our results and conclusions were independent on the chosen statistical methods. Finally, we were able to obtain data on background sociodemographic characteristics in a comprehensive fashion from national registers.

In conclusion, our long‐term evaluation of disease‐specific and generic HRQOL did not reveal any large or systematic differences in men with PCa between the screening and control arms of the Finnish Randomized Study of Screening for Prostate Cancer.
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###### 

Unadjusted (weighted) mean values (SD) for prostate cancer‐specific functioning (UCLA PCI) and generic HRQOL (RAND‐36) (score 100 indicating optimal health), and distribution (%) of one item of each scale

<table><thead><tr class="header"><th><strong>Screening arm</strong></th><th><strong>Control arm</strong></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th></tr></thead><tbody><tr class="odd"><td><strong>Urinary Function</strong></td><td><strong>93 (15)</strong></td><td><strong>74 (33)</strong></td><td><strong>86 (25)</strong></td><td><strong>84 (24)</strong></td><td><strong>81 (25)</strong></td><td><strong>74 (28)</strong></td><td><strong>91 (14)</strong></td><td><strong>79 (21)</strong></td><td><strong>87 (18)</strong></td><td><strong>85 (19)</strong></td><td><strong>80 (21)</strong></td><td><strong>71 (24)</strong></td></tr><tr class="even"><td><strong><em>Urinary control</em></strong></td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N(%)</td></tr><tr class="odd"><td><em>No control</em></td><td>3 (0.4)</td><td>4 (1)</td><td>0 (0)</td><td>2 (0.4)</td><td>1 (0.3)</td><td>3 (3)</td><td>5 (1)</td><td>5 (3)</td><td>1 (0.4)</td><td>1 (0.4)</td><td>6 (3)</td><td>5 (5)</td></tr><tr class="even"><td><em>Frequent dribbling</em></td><td>14(2)</td><td>41(14)</td><td>19(7)</td><td>28(6)</td><td>28(8)</td><td>18(14)</td><td>19 (4)</td><td>16 (8)</td><td>9 (4)</td><td>20 (7)</td><td>20 (10)</td><td>13 (15)</td></tr><tr class="odd"><td><em>Occasional dribbling</em></td><td>136 (22)</td><td>121 (41)</td><td>94 (32)</td><td>170 (37)</td><td>159 (46)</td><td>57 (44)</td><td>97 (25)</td><td>70 (40)</td><td>73 (36)</td><td>110 (39)</td><td>101 (47)</td><td>36 (43)</td></tr><tr class="even"><td><em>Total control</em></td><td>469 (75)</td><td>130 (43)</td><td>176 (60)</td><td>247 (55)</td><td>155 (44)</td><td>51 (38)</td><td>287 (69)</td><td>79 (47)</td><td>116 (58)</td><td>153 (54)</td><td>92 (40)</td><td>31 (36)</td></tr><tr class="odd"><td><strong>Urinary Bother</strong></td><td><strong>79 (29)</strong></td><td><strong>69 (35)</strong></td><td><strong>77 (30)</strong></td><td><strong>80 (30)</strong></td><td><strong>78 (29)</strong></td><td><strong>73 (31)</strong></td><td><strong>74 (24)</strong></td><td><strong>67 (23)</strong></td><td><strong>76 (21)</strong></td><td><strong>78 (22)</strong></td><td><strong>72 (26)</strong></td><td><strong>64 (25)</strong></td></tr><tr class="even"><td></td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td></tr><tr class="odd"><td><em>Big problem</em></td><td>10 (1)</td><td>17 (6)</td><td>6 (2)</td><td>14 (3)</td><td>8 (2)</td><td>5 (5)</td><td>12(3)</td><td>6(4)</td><td>5(2)</td><td>7(2)</td><td>14(7)</td><td>6 (6)</td></tr><tr class="even"><td><em>Moderate problem</em></td><td>41 (7)</td><td>34 (11)</td><td>29 (11)</td><td>30 (6)</td><td>24 (6)</td><td>14 (11)</td><td>38 (10)</td><td>21 (11)</td><td>12 (7)</td><td>18 (7)</td><td>15(7)</td><td>16 (19)</td></tr><tr class="odd"><td><em>Small or very small</em></td><td>263 (42)</td><td>147 (49)</td><td>118 (42)</td><td>172 (41)</td><td>155 (45)</td><td>54 (43)</td><td>194 (47)</td><td>99 (36)</td><td>101 (52)</td><td>41 (45)</td><td>108 (50)</td><td>41 (49)</td></tr><tr class="even"><td><em>No problem</em></td><td>305 (49)</td><td>99 (34)</td><td>137 (46)</td><td>232 (50)</td><td>151 (43)</td><td>55 (41)</td><td>166 (40)</td><td>44 (26)</td><td>79 (38)</td><td>132 (46)</td><td>84 (36)</td><td>23 (26)</td></tr><tr class="odd"><td><strong>Bowel Function</strong></td><td><strong>86 (17)</strong></td><td><strong>84 (19)</strong></td><td><strong>85 (16)</strong></td><td><strong>85 (18)</strong></td><td><strong>84 (17)</strong></td><td><strong>84 (15)</strong></td><td><strong>86 (13)</strong></td><td><strong>84 (14)</strong></td><td><strong>85 (14)</strong></td><td><strong>83 (13)</strong></td><td><strong>83 (13)</strong></td><td><strong>78 (14)</strong></td></tr><tr class="even"><td><strong><em>Loose stool</em></strong></td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N(%)</td></tr><tr class="odd"><td><em>Always</em></td><td>6 (1)</td><td>4 (2)</td><td>4 (1)</td><td>4 (1)</td><td>1 (0.3)</td><td>2 (1)</td><td>7 (2)</td><td>4 (2)</td><td>2 (1)</td><td>2 (1)</td><td>5 (2)</td><td>0 (0)</td></tr><tr class="even"><td><em>Usually</em></td><td>56 (10)</td><td>26 (9)</td><td>28 (11)</td><td>39 (10)</td><td>23 (7)</td><td>9 (9)</td><td>39 (10)</td><td>13 (8)</td><td>15 (8)</td><td>27 (11)</td><td>8 (4)</td><td>6 (7)</td></tr><tr class="odd"><td><em>Half the time</em></td><td>52 (8)</td><td>24 (8)</td><td>27 (9)</td><td>31 (7)</td><td>29 (8)</td><td>12 (9)</td><td>26 (6)</td><td>11 (8)</td><td>23 (11)</td><td>18 (7)</td><td>27 (12)</td><td>8 (10)</td></tr><tr class="even"><td><em>Rarely</em></td><td>349 (55)</td><td>155 (51)</td><td>160 (56)</td><td>253 (56)</td><td>205 (59)</td><td>75 (58)</td><td>212 (51)</td><td>93 (51)</td><td>109 (53)</td><td>172 (58)</td><td>130 (60)</td><td>53 (64)</td></tr><tr class="odd"><td><em>Never</em></td><td>158 (25)</td><td>87 (30)</td><td>72 (23)</td><td>120 (26)</td><td>81 (23)</td><td>31 (22)</td><td>124 (30)</td><td>51 (30)</td><td>47 (26)</td><td>64 (22)</td><td>51 (22)</td><td>18 (19)</td></tr><tr class="even"><td><strong>Bowel Bother</strong></td><td><strong>82 (27)</strong></td><td><strong>80 (28)</strong></td><td><strong>82 (26)</strong></td><td><strong>79 (29)</strong></td><td><strong>76 (29)</strong></td><td><strong>74 (27)</strong></td><td><strong>81 (20)</strong></td><td><strong>80 (20)</strong></td><td><strong>80 (20)</strong></td><td><strong>74 (22)</strong></td><td><strong>72 (21)</strong></td><td><strong>70 (19)</strong></td></tr><tr class="odd"><td></td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N(%)</td></tr><tr class="even"><td><em>Big problem</em></td><td>10 (2)</td><td>3 (2)</td><td>2 (0.6)</td><td>7 (1)</td><td>2 (1)</td><td>2 (2)</td><td>3 (1)</td><td>0 (0)</td><td>1 (0.4)</td><td>6 (2)</td><td>2 (1)</td><td>0 (0)</td></tr><tr class="odd"><td><em>Moderate problem</em></td><td>22 (4)</td><td>12 (5)</td><td>13 (5)</td><td>37 (8)</td><td>27 (8)</td><td>9 (8)</td><td>29 (7)</td><td>14 (8)</td><td>14 (7)</td><td>25 (9)</td><td>20 (10)</td><td>9 (12)</td></tr><tr class="even"><td><em>Small problem</em></td><td>80 (13)</td><td>40 (13)</td><td>38 (14)</td><td>46 (11)</td><td>55 (16)</td><td>20 (16)</td><td>36 (9)</td><td>19 (11)</td><td>21 (12)</td><td>42 (15)</td><td>39 (18)</td><td>17 (21)</td></tr><tr class="odd"><td><em>Very small problem</em></td><td>171 (27)</td><td>95 (31)</td><td>85 (29)</td><td>143 (32)</td><td>115 (32)</td><td>51 (38)</td><td>137 (33)</td><td>56 (32)</td><td>68 (34)</td><td>96 (36)</td><td>93 (44)</td><td>38 (44)</td></tr><tr class="even"><td><em>No problem</em></td><td>340 (54)</td><td>145 (48)</td><td>153 (52)</td><td>217 (48)</td><td>141 (41)</td><td>47 (35)</td><td>203 (49)</td><td>83 (47)</td><td>94 (46)</td><td>116 (37)</td><td>67 (28)</td><td>22 (23)</td></tr><tr class="odd"><td><strong>Sexual Function</strong></td><td><strong>49 (30)</strong></td><td><strong>23 (28)</strong></td><td><strong>29 (30)</strong></td><td><strong>28 (29)</strong></td><td><strong>24 (26)</strong></td><td><strong>18 (20)</strong></td><td><strong>44 (23)</strong></td><td><strong>20 (19)</strong></td><td><strong>25 (20)</strong></td><td><strong>26 (20)</strong></td><td><strong>19 (18)</strong></td><td><strong>12 (13)</strong></td></tr><tr class="even"><td><p><strong><em>Ability to function</em></strong></p><p><strong><em>sexually</em></strong></p></td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N(%)</td></tr><tr class="odd"><td><em>Very poor</em></td><td>120 (20)</td><td>165 (56)</td><td>131 (46)</td><td>200 (46)</td><td>156 (46)</td><td>77 (59)</td><td>96 (24)</td><td>100 (57)</td><td>100 (52)</td><td>134 (48)</td><td>124 (58)</td><td>61 (72)</td></tr><tr class="even"><td><em>Poor</em></td><td>138 (22)</td><td>66 (22)</td><td>76 (25)</td><td>120 (26)</td><td>98 (27)</td><td>37 (28)</td><td>114 (28)</td><td>48 (30)</td><td>43 (21)</td><td>82 (29)</td><td>58 (26)</td><td>16 (19)</td></tr><tr class="odd"><td><em>Fair</em></td><td>226 (36)</td><td>46 (16)</td><td>55 (18)</td><td>99 (21)</td><td>65 (17)</td><td>10 (8)</td><td>133 (31)</td><td>18 (10)</td><td>43 (21)</td><td>49 (16)</td><td>26 (11)</td><td>4 (4)</td></tr><tr class="even"><td><em>Good</em></td><td>105 (17)</td><td>15 (5)</td><td>23 (8)</td><td>20 (4)</td><td>17 (5)</td><td>3 (2)</td><td>55 (13)</td><td>5 (2)</td><td>8 (4)</td><td>14 (5)</td><td>9 (4)</td><td>2 (3)</td></tr><tr class="odd"><td><em>Very good</em></td><td>21 (3)</td><td>2 (0.6)</td><td>2 (0.6)</td><td>6 (1)</td><td>0 (0)</td><td>0 (0)</td><td>7 (2)</td><td>0 (0)</td><td>1 (0.4)</td><td>2 (1)</td><td>0 (0)</td><td>0 (0)</td></tr><tr class="even"><td><strong>Sexual Bother</strong></td><td><strong>59 (40)</strong></td><td><strong>42 (45)</strong></td><td><strong>42 (43)</strong></td><td><strong>46 (44)</strong></td><td><strong>46 (44)</strong></td><td><strong>46 (45)</strong></td><td><strong>54 (31)</strong></td><td><strong>40 (32)</strong></td><td><strong>41 (34)</strong></td><td><strong>45 (34)</strong></td><td><strong>48 (36)</strong></td><td><strong>39 (35)</strong></td></tr><tr class="odd"><td></td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N (%)</td><td>N(%)</td></tr><tr class="even"><td><em>Big problem</em></td><td>84 (15)</td><td>95 (36)</td><td>83 (31)</td><td>122 (29)</td><td>97 (29)</td><td>43 (35)</td><td>74 (18)</td><td>67 (37)</td><td>69 (37)</td><td>89 (32)</td><td>61 (30)</td><td>40 (47)</td></tr><tr class="odd"><td><em>Moderate problem</em></td><td>82(13)</td><td>40 (13)</td><td>58 19)</td><td>65 (15)</td><td>54 (16)</td><td>17 (12)</td><td>70 (17)</td><td>24 (13)</td><td>22 (11)</td><td>44 (17)</td><td>39 (18)</td><td>7 (8)</td></tr><tr class="even"><td><em>Small problem</em></td><td>126 (21)</td><td>47 (16)</td><td>44 (14)</td><td>72 (15)</td><td>49 (13)</td><td>10 (7)</td><td>82 (19)</td><td>28 (18)</td><td>32 (16)</td><td>38 (12)</td><td>19 (8)</td><td>3 (4)</td></tr><tr class="odd"><td><em>Very small problem</em></td><td>132 (20)</td><td>47 (14)</td><td>47 (15)</td><td>89 (18)</td><td>58 (17)</td><td>19 (14)</td><td>76 (19)</td><td>23 (12)</td><td>30 (14)</td><td>46 (15)</td><td>29 (13)</td><td>13 (16)</td></tr><tr class="even"><td><em>No problem</em></td><td>179 (29)</td><td>59 (19)</td><td>50 (18)</td><td>93 (20)</td><td>75 (22)</td><td>35 (27)</td><td>100 (24)</td><td>27 (17)</td><td>38 (19)</td><td>64 (22)</td><td>65 (29)</td><td>20 (22)</td></tr><tr class="odd"><td><strong>Physical Functioning</strong></td><td><strong>82 (23)</strong></td><td><strong>81 (23)</strong></td><td><strong>80 (24)</strong></td><td><strong>79 (26)</strong></td><td><strong>75 (29)</strong></td><td><strong>69 (28)</strong></td><td><strong>81 (19)</strong></td><td><strong>81 (17)</strong></td><td><strong>81 (21)</strong></td><td><strong>78 (19)</strong></td><td><strong>72 (22)</strong></td><td><strong>63 (23)</strong></td></tr><tr class="even"><td><strong>Role‐physical</strong></td><td><strong>74 (42)</strong></td><td><strong>67 (46)</strong></td><td><strong>67 (46)</strong></td><td><strong>69 (46)</strong></td><td><strong>63 (47)</strong></td><td><strong>55 (43)</strong></td><td><strong>70 (33)</strong></td><td><strong>67 (31)</strong></td><td><strong>72 (34)</strong></td><td><strong>69 (34)</strong></td><td><strong>62 (36)</strong></td><td><strong>50 (35)</strong></td></tr><tr class="odd"><td><strong>Role‐emotional</strong></td><td><strong>73 (43)</strong></td><td><strong>69 (44)</strong></td><td><strong>72 (43)</strong></td><td><strong>73 (44)</strong></td><td><strong>71 (44)</strong></td><td><strong>66 (41)</strong></td><td><strong>70 (34)</strong></td><td><strong>70 (31)</strong></td><td><strong>76 (32)</strong></td><td><strong>74 (33)</strong></td><td><strong>69 (33)</strong></td><td><strong>63 (33)</strong></td></tr><tr class="even"><td><strong>Bodily Pain</strong></td><td><strong>81 (25)</strong></td><td><strong>81 (25)</strong></td><td><strong>80 (25)</strong></td><td><strong>79 (28)</strong></td><td><strong>78 (25)</strong></td><td><strong>72 (26)</strong></td><td><strong>82 (19)</strong></td><td><strong>82 (17)</strong></td><td><strong>82 (18)</strong></td><td><strong>80 (22)</strong></td><td><strong>75 (22)</strong></td><td><strong>72 (19)</strong></td></tr><tr class="odd"><td><strong>General Health</strong></td><td><strong>58 (23)</strong></td><td><strong>60 (23)</strong></td><td><strong>58 (23)</strong></td><td><strong>58 (24)</strong></td><td><strong>57 (23)</strong></td><td><strong>55 (21)</strong></td><td><strong>57 (17)</strong></td><td><strong>58 (17)</strong></td><td><strong>59 (16)</strong></td><td><strong>58 (17)</strong></td><td><strong>53 (17)</strong></td><td><strong>51 (15)</strong></td></tr><tr class="even"><td><strong>Vitality</strong></td><td><strong>67 (26)</strong></td><td><strong>67 (26)</strong></td><td><strong>68 (26)</strong></td><td><strong>68 (26)</strong></td><td><strong>66 (25)</strong></td><td><strong>62 (24)</strong></td><td><strong>68 (20)</strong></td><td><strong>67 (18)</strong></td><td><strong>68 (17)</strong></td><td><strong>68 (18)</strong></td><td><strong>65 (19)</strong></td><td><strong>60 (18)</strong></td></tr><tr class="odd"><td><strong>Social Functioning</strong></td><td><strong>82 (25)</strong></td><td><strong>80 (26)</strong></td><td><strong>83 (24)</strong></td><td><strong>84 (26)</strong></td><td><strong>82 (26)</strong></td><td><strong>79 (24)</strong></td><td><strong>83 (19)</strong></td><td><strong>80 (18)</strong></td><td><strong>83 (19)</strong></td><td><strong>84 (18)</strong></td><td><strong>81 (20)</strong></td><td><strong>76 (18)</strong></td></tr><tr class="even"><td><strong>Mental Health</strong></td><td><strong>75 (22)</strong></td><td><strong>76 (22)</strong></td><td><strong>77 (22)</strong></td><td><strong>78 (21)</strong></td><td><strong>78 (20)</strong></td><td><strong>75 (19)</strong></td><td><strong>74 (17)</strong></td><td><strong>75 (16)</strong></td><td><strong>76 (16)</strong></td><td><strong>79 (14)</strong></td><td><strong>78 (15)</strong></td><td><strong>75 (16)</strong></td></tr></tbody></table>
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